Introduction {#sec1}
============

Urinary tract infection (UTI) is one of the most common bacterial infections in infants \[[@cit0001]\]. It occurs in 5.7-8.3% of girls presenting with fever in the first year of life and varies from 8.7% in febrile boys aged \< 3 months to 1.7% in febrile boys aged 6 months to 1 year \[[@cit0002]\]. The diagnosis of UTI in infants is challenging due to non-specific UTI symptoms in this age \[[@cit0003], [@cit0004]\]. Moreover, difficulty in specimen collection, non-infection pyuria, and the high risk of contamination of urine may contribute to its misdiagnosis in infants \[[@cit0005], [@cit0006]\]. The waiting time required for urine culture results poses another problem \[[@cit0003], [@cit0007]\]. Paediatricians may be confused as to whether antibiotic treatment should be started before obtaining the results of urine culture \[[@cit0005]\]. Febrile UTI may cause acute pyelonephritis (APN) and subsequent renal scarring. Therefore, it is important to diagnose and treat UTI as soon as possible \[[@cit0003], [@cit0008]\]. Other markers of UTI, besides urinalysis and urine culture, are needed for quick identification of cases of UTI in infants \[[@cit0005]\].

Several studies have suggested potential biomarkers for this purpose, e.g. interleukin (IL)-6, IL-8, neutrophil gelatinase-associated lipocalin (NGAL), kidney injury molecule (KIM-1), retinol binding protein (RBP), and YKL-40 glycoprotein \[[@cit0006], [@cit0007], [@cit0009], [@cit0010]\]. KIM-1, a type I cell membrane glycoprotein, was discovered by Ichimura *et al.* in 1998 \[[@cit0011]\]. It is expressed at low level in healthy kidney but is highly upregulated in injured proximal tubule epithelial cells \[[@cit0003], [@cit0012]\]. KIM-1 is an important diagnostic and prognostic marker in acute kidney injury (AKI) and chronic kidney disease (CKD) of various aetiologies \[[@cit0012]\]. It was also investigated in UTI in children and adults. However, the data about its role in UTI are still limited and contentious \[[@cit0006], [@cit0007], [@cit0013], [@cit0014]\]. The aim of the study was to evaluate the usefulness of serum KIM-1 (sKIM-1) and urine KIM-1 (uKIM-1) for predicting febrile and non-febrile UTI in infants.

Material and methods {#sec2}
====================

This prospective observational study was performed in infants with a first episode of UTI, who were diagnosed and treated in the Department of Paediatrics and Nephrology of Warsaw Medical University. The study was conducted from May 2016 to February 2019. The research was approved by the Local Bioethics Committee. Written, informed consent was obtained from all parents. We enrolled 101 children aged between one month and 12 months: 71 infants who presented with a first episode of UTI and 30 healthy infants as a control group. Children with other infectious disease, previous UTI, and known congenital urinary tract anomalies were excluded. The control group included healthy infants without any infection, history of UTI, or renal disease. Based on the clinical manifestation and laboratory tests, children were categorised into three groups: febrile UTI, non-febrile UTI, and healthy controls. Fever was defined as the presence of body temperature \> 38.0°C. Urinalysis, urine culture, white blood cell count (WBC), C-reactive protein (CRP), procalcitonin (PCT), and serum creatinine (Cr) were performed on admission. Urine samples were collected by bladder catheterisation or midstream urine. Pyuria was defined as \> 10 WBC per high-power field (HPF; 400×) in the urine sediment. Significant bacteriuria was defined as growth of a single pathogen with bacterial concentration in urine ≥ 10^5^/colony-forming units (CFU)/ml. UTI was diagnosed on the basis of the presence of both pyuria and significant bacteriuria. Antibacterial treatment was started immediately after urinalysis and urine culture was collected. Normal values of evaluated indices were as follows: CRP ≤ 1.0 mg/dl, PCT \< 0.05 mg/dl, Cr ≤ 0.4 mg/dl, and WBC count according to age. Serum and urine samples for measurement of sKIM-1 and uKIM-1 were collected prior to antibiotic treatment. They were immediately centrifuged and stored at --80°C until further evaluation. The levels of sKIM-1 and uKIM-1 were determined using commercially available enzyme-linked immunosorbent assay (ELISA) kit (Human Kim-1; cat. no: 201-12-1100; SunRed, Shanghai, China), following the manufacturer instructions. Serum samples for KIM-1 were diluted 1 : 2; urine samples for KIM-1 were not diluted. The detection range for sKIM-1 was 0.1-20 ng/ml and for uKIM-1 was 0.1-10 ng/ml. Kidney and urinary tract ultrasound (US) was performed after admission, and voiding cystourethrography (VCUG) was performed 2-3 weeks after treatment of UTI for children with any abnormal finding on US or atypical UTI.

Statistical methods {#sec2.1}
-------------------

Statistical analysis was performed with the use of the Statistica package version 11.0 for Windows. The distribution of continuous variables was checked for normality using Shapiro-Wilk test. Continuous data were presented as the mean ±standard deviation (SD) or median with interquartile range (IQR). Variables with normal distribution (age, WBC, and uKIM-1) were checked for homogeneity of variances using Bartlett test. Parametric ANOVA test or non-parametric Kruskal-Wallis test were used to compare continuous variables between three groups. Parametric Student's *t*-test and non-parametric Mann-Whitney test were used to compare variables between two groups. Categorical data (gender) were presented as numbers and percentiles. Tests for probability were used to compare the gender distribution between three groups. Correlations between variables were evaluated by Sperman's rank correlation. The coefficient of univariate logistic regression (β1) and odds ratio (OR) including 95% confidence interval (CI) were calculated to identify the association of sKIM-1 and uKIM-1 with the presence of febrile and non-febrile UTI. Receiver operating curves (ROC) were performed and areas under the curves (AUC) were calculated, including 95% CI, to determine the sensitivity, specificity, and optimal cut-off values of sKIM-1 and uKIM-1 to predict febrile and non-febrile UTI. The statistical significance level was established at *p* \< 0.05.

Results {#sec3}
=======

Febrile UTI was diagnosed in 49 (69%) infants, non-febrile UTI in 22 (31%). The control group consisted of 30 infants. *Escherichia coli* was isolated in 68 (96%) infants with UTI, and other bacteria in three (4%) children (*Klebsiella pneumoniae* in one, *Proteus mirabilis* in one, *Enterococcus faecalis* in one). Based on US and VCUG, CAKUT was diagnosed in 13 (12.9%) children: in six with febrile UTI (five -- VUR grade 2, one -- mild pyelectasis), in three with non-febrile UTI (two -- mild pyelectasis, one -- duplicated collecting system), and in four healthy controls (four -- mild pyelectasis). There were no significant differences in frequency of CAKUT in the groups of children (data not shown).

Demographic and laboratory data for each group are summarised in [Table 1](#t0001){ref-type="table"}. The age distribution did not differ between the groups. There were significantly more boys in the febrile UTI group than in the healthy control group. Median levels of sKIM-1 were significantly higher in the febrile and non-febrile UTI group compared to the heathy controls. There was no significant difference in sKIM-1 levels between the febrile and non-febrile UTI group ([Table 1](#t0001){ref-type="table"}, [Fig. 1A](#f0001){ref-type="fig"}). Mean levels of uKIM-1 were significantly lower in the febrile UTI group compared to the non-febrile UTI group and healthy controls. There was no significant difference in uKIM-1 levels between non-febrile UTI and healthy controls ([Table 1](#t0001){ref-type="table"}, [Fig. 1B](#f0001){ref-type="fig"}). Mean levels of WBC and median levels of CRP and PCT were significantly higher in the febrile UTI group than in the non-febrile UTI group. No significant differences in urine WBC count and proteinuria were documented between patients with febrile and non-febrile UTI (data not shown). sCr levels were normal in all children evaluated in the study (data not shown).

###### 

Demographic and laboratory findings of children with febrile urinary tract infection (UTI), non-febrile UTI, and healthy controls

  -------------------------------------------------------------------------------------------
  Variable          Group        *p*                                                
  ----------------- ------------ ------------- ------------ ----------- ----------- ---------
  Age (months)      5.3 ±3.15    3.84 ±2.3     4.63 ±2.9    NS          NS          NS

  Boys, n (%)       30 (61.2)    14 (63.3)     11 (36.7)    NS          \< 0.05     NS

  sKIM-1 (ng/ml)\   4.66\        4.54\         3.43\        NS          \< 0.05     \< 0.05
  IQR               4.96         4.8           0.9                                  

  uKIM-1 (ng/ml)    2.02 ±0.43   2.57 ±0.72    2.73 ±0.71   \< 0.001    \< 0.0001   NS

  WBC (mm^3^)       20.2 ±6.85   15.24 ±3.71   --           \< 0.05     --          --

  CRP (mg/dl)\      8.2\         1.25\         --           \< 0.0001   --          --
  IQR               10.7         2.2                                                

  PCT (ng/ml)\      0.87\        0.08\         --           \< 0.0001   --          --
  IQR               4.28         0.03                                               
  -------------------------------------------------------------------------------------------

Normally distributed variables are presented as mean ±SD, non-normally distributed variables are presented as median and IQR; sKIM-1 -- serum kidney injury molecule-1, uKIM-1 -- urine kidney injury molecule-1, WBC -- white blood cell count, CRP -- C-reactive protein, PCT -- procalcitonin

![Values of serum and urine kidney injury molecule-1 in children with febrile urinary tract infection (UTI), non-febrile UTI, and healthy controls](CEJI-44-89600-g001){#f0001}

Correlations between sKIM-1 and uKIM-1, one side and age, and inflammatory markers on the other side are presented in [Table 2](#t0002){ref-type="table"}. There was negative correlation of uKIM-1 with age WBC, CRP, and PCT. Univariate logistic regression analysis demonstrated a positive association of sKIM-1 with febrile and non-febrile UTI and negative association of uKIM-1 with febrile UTI ([Table 3](#t0003){ref-type="table"}). ROC analysis demonstrated that sKIM-1 and uKIM-1 have high specificity and lower sensitivity for prediction of febrile UTI and that these markers are not useful for prediction of non-febrile UTI ([Table 4](#t0004){ref-type="table"}).

###### 

Correlations between biomarkers, age, and inflammatory markers of urinary tract infection (UTI)

  Variable   sKIM-1   uKIM-1            
  ---------- -------- -------- -------- ---------
  Age        --0.02   NS       --0.24   \< 0.05
  sKIM-1     --       --       0.07     NS
  uKIM-1     0.07     NS       --       --
  WBC        0.17     NS       --0.29   \< 0.05
  CRP        0.07     NS       --0.39   \< 0.05
  PCT        0.16     NS       --0.33   \< 0.05

sKIM-1 -- serum kidney injury molecule-1, uKIM-1 -- urine kidney injury molecule-1, WBC -- white blood cell count, CRP -- C-reactive protein, PCT -- procalcitonin

###### 

Univariate logistic regression analysis of serum and urine kidney injury molecule-1 for prediction of febrile and non-febrile urinary tract infection (UTI)

  Variable          β1        *p*         OR (95% CI)
  ----------------- --------- ----------- ------------------
  Febrile UTI                             
  *** ***sKIM-1     0.273     \< 0.05     1.31 (1.07-1.62)
  *** ***uKIM-1     --2.242   \< 0.0001   0.11 (0.04-0.32)
  Non-febrile UTI                         
  *** ***sKIM-1     0.318     \< 0.05     1.37 (1.04-1.82)
  *** ***uKIM-1     --0.340   NS          0.71 (0.32-1.6)

*β*1 -- coefficient of logistic regression, OR -- odds ratio, CI -- confidence interval, sKIM-1 -- serum kidney injury molecule-1, uKIM-1 -- urine kidney injury molecule-1

###### 

Diagnostic value of serum and urine kidney injury molecule-1 for diagnosing febrile and non-febrile urinary tract infection (UTI)

  Variable          AUC                *p*         Cut off (ng/ml)   Sensitivity (%)   Specificity (%)
  ----------------- ------------------ ----------- ----------------- ----------------- -----------------
  Febrile UTI                                                                          
  *** ***sKIM-1     0.67 (0.55-0.79)   \< 0.01     3.88              63.3              80.0
  *** ***uKIM-1     0.82 (0.72-0.92)   \< 0.0001   2.4               73.3              85.7
  Non-febrile UTI                                                                      
  *** ***sKIM-1     0.66 (0.49-0.83)   NS = 0.06   3.66              63.6              80.0
  *** ***uKIM-1     0.38 (0.23-0.54)   NS          --                --                --

sKIM-1 -- serum kidney injury molecule-1, uKIM-1 -- urine kidney injury molecule-1

Discussion {#sec4}
==========

KIM-1 is emerging as a sensitive and specific biomarker for kidney proximal tubule injury, which increases earlier than any of the conventional biomarkers, e.g. sCr and blood urea nitrogen (BUN) \[[@cit0015]\]. It is one of the most effective biomarkers for early diagnosis of AKI and its clinical outcomes \[[@cit0012], [@cit0016]-[@cit0018]\]. KIM-1 demonstrates prognostic potency in CKD patients with primary inflammatory renal disease, such as glomerulonephritis and vasculitis \[[@cit0019]\], in diabetic kidney disease (DKD) \[[@cit0012], [@cit0020]\], allograft nephropathy, and renal cell carcinoma \[[@cit0020]\]. Additionally, it has been approved by the US Food and Drug Administration (FDA) and European Medicines Agency (EMA) as a urinary biomarker for monitoring drug-induced AKI in preclinical studies and clinical trials \[[@cit0021]\]. KIM-1 has been evaluated in UTI, but the findings of experimental and clinical studies are contentious \[[@cit0003], [@cit0006], [@cit0014]\].

Young children with UTI may develop prerenal type of AKI due to dehydration and renal hypoperfusion as a result of fever, reduced appetite, and vomiting \[[@cit0004], [@cit0008]\]. Significantly less often, severe forms of APN may provide the renal type of AKI \[[@cit0008], [@cit0022]\]. Skowron *et al.* in an experimental study performed in rats, found significantly higher uKIM-1 levels in the APN group with AKI developing secondarily to the UTI, as well in the APN group with AKI and urosepsis, than in the isolated APN group. The authors suggested that uKIM-1 can be used as a marker of AKI associated with UTI \[[@cit0022]\]. Petrovic *et al.* also reported significantly higher uKIM-1 levels in APN children complicated with AKI than in APN children without AKI \[[@cit0008]\]. Han *et al.* demonstrated in adults significantly higher levels of uKIM-1/uCr in patients with AKI than in patients with UTI, and no difference between UTI patients and healthy controls \[[@cit0014]\]. Urbschat *et al.* found in adults no differences in levels of uKIM-1 in patients with uncomplicated upper and lower UTI compared to healthy controls \[[@cit0013]\]. In our study children with UTI had no signs of AKI. We demonstrated no differences in uKIM-1 levels between children with non-febrile UTI and healthy controls. We even found significantly lower uKIM-1 levels in the febrile UTI group compared to the non-febrile UTI group and healthy controls. APN involves tubule-interstitial region in the kidney. In APN the distal part of nephron is affected more than the proximal tubule. Therefore, the low levels of KIM-1 in patients with APN without AKI and in patients with lower UTI are not unexpected \[[@cit0013]\].

Contradictory reports have demonstrated that uKIM-1 is also effective for diagnosis of UTI in children without AKI. Yim *et al.* reported significantly elevated levels of uKIM-1 and uKIM-1/uCr in febrile UTI children compared to healthy controls. However, they found relatively low sensitivity (50% and 45%, respectively) of both markers for predicting febrile UTI \[[@cit0006]\]. Also, Lee *et al.* described significantly elevated uKIM-1/uCr levels in febrile UTI children compared to febrile and non-febrile controls. They noted higher sensitivity (76%) of uKIM-1/uCr for detecting febrile UTI \[[@cit0003]\]. Valdimarsson *et al.* presented in UTI infants significantly higher uKIM-1 levels than in healthy controls and significantly higher uKIM-1/uCr levels than in febrile and healthy controls \[[@cit0007]\]. The authors revealed nearly the same sensitivity of both markers (74% and 75%, respectively) as did Lee *et al.* for diagnosing UTI \[[@cit0003]\].

The reasons for the heterogenicity of the results above outlines remain unclear. There are two possible explanations for these findings. The first possibility is that elevated levels of uKIM-1 in UTI children were associated with unrecognised subclinical AKI. This is supported by the study by Moledina *et al.*, who found that 49% of deceased kidney donors with severe histological acute tubular injury (ATI) in kidney biopsy did not have sCr-based AKI \[[@cit0023]\]. Currently AKI is defined as a rise in sCr. However, sCr is not a sensitive and specific marker for early AKI detection because its concentration may not change until 25-50% of the kidney function has been lost \[[@cit0024]\]. An alternative explanation is that proteinuria detected in UTI children could affect the uKIM-1 concentration in the absence of injury. Nadkarni *et al.* reported that several factors available through urine dipstick, including proteinuria, haematuria, leukocyte esterase, and nitrites were associated with increased uKIM-1 concentration, which was independent of clinical kidney injury \[[@cit0025]\]. On one hand, it is well known that proteinuria may be an early symptom of ATI \[[@cit0015]\]. On the other hand, most UTI patients demonstrate proteinuria in urinalysis, which is associated with inflammation in the urinary tract and pyuria rather than with subclinical AKI. In the present work sCr levels were normal in all children evaluated in the study and no significant differences in proteinuria levels were documented between patients with febrile and non-febrile UTI.

KIM-1 is not an inflammatory marker, and its increase is independent of infection, such as UTI \[[@cit0022]\]. This was confirmed by studies, which demonstrated elevated uKIM-1 levels only in individuals with AKI or with APN complicated by AKI \[[@cit0008], [@cit0014], [@cit0022]\]. However, Yim *et al.* and Petrovic *et al.* reported significantly lower uKIM-1 levels after treatment UTI than before \[[@cit0006], [@cit0008]\], and Lee *et al.* reported positive correlation of uKIM-1/uCr with CRP \[[@cit0003]\]. In the current study we found significantly higher levels of WBC, CRP, and PCT in the febrile UTI group than in the non-febrile UTI group, but we noted negative correlation of uKIM-1 with WBC, CRP, and PCT. The biological role of KIM-1 in kidney injury remains unknown. It has been suggested that KIM-1 expression is associated with both kidney injury and recovery processes \[[@cit0012], [@cit0016]\]. KIM-1 induces re-epithelisation and reduces apoptosis. It transforms proximal epithelial cells into semi-professional phagocytes, mediates phagocytosis of apoptotic cells, and down-regulates the proinflammatory immune response in acute ischaemic and toxic injury \[[@cit0008], [@cit0012]\]. Probably, the decrease of uKIM-1 levels after treatment UTI in the studies by Petrovic *et al.* and Yim *et al.* were associated with subclinical AKI and regeneration process after tubule injury.

To date, nothing is known about the value of blood KIM-1 for predicting UTI. Several studies have documented that after proximal tubule injury KIM-1 could also be released into the bloodstream \[[@cit0021]\]. Blood elevation of KIM-1 is associated with lost polarity of tubule epithelial cells and increased trans-epithelial and microvascular permeability \[[@cit0026]\]. Experimental studies found significantly higher plasma KIM-1 (pKIM-1) levels in acute and chronic kidney injury \[[@cit0026], [@cit0027]\]. In humans, the usefulness of blood (serum/plasma) KIM-1 was documented in AKI and CKD \[[@cit0021], [@cit0026], [@cit0028]\]. Circulating KIM-1 strongly predicted progression of CKD in patients with type 1 and type 2 diabetes \[[@cit0026], [@cit0029], [@cit0030]\] and was useful in allograft nephropathy \[[@cit0031]\]. A recent study by Schultz *et al.* has also shown that pKIM-1 may predict the future decline of estimated glomerular filtration rate (eGFR) and risk of CKD in healthy middle-aged participants \[[@cit0032]\]. Our study demonstrated significantly higher sKIM-1 levels in febrile and non-febrile UTI groups compared to the heathy controls. However, children with UTI had normal values of serum Cr; it is possible that some of the UTI children could have not recognised subclinical AKI. We can speculate that blood elevation of KIM-1 in UTI patients could be detected earlier than urine elevation of KIM-1. Therefore, we found in infants with UTI high levels of sKIM-1 and low levels of uKIM-1. Most of the children with febrile UTI were admitted to the hospital in the early phase of UTI, after a few hours of fever.

Studies performed in children with UTI have demonstrated lower sensitivity of uKIM-1 for detecting UTI than uNGAL, which was investigated in this purpose \[[@cit0003], [@cit0006], [@cit0007]\]. In our previous research conducted in a smaller cohort of children, we found that sNGAL was a good diagnostic marker of febrile UTI with higher sensitivity than uNGAL. In non-febrile children the diagnostic value of sNGAL was smaller, and uNGAL was not useful at all \[[@cit0010]\]. The present work demonstrated better diagnostic profile for uKIM-1 than sKIM-1 for predicting febrile UTI (AUC 0.82 vs. 0.67, respectively; sensitivity 73% vs. 63%, respectively). sKIM-1 and uKIM-1 were not useful for predicting non-febrile UTI.

In the healthy population KIM-1 is released in very low or undetectable levels from renal proximal tubules and liver \[[@cit0019], [@cit0026]\]. The baseline value of uKIM-1 may differ and be related to the degree of prematurity, age, and gender. Askenazi *et al.* reported that uKIM-1 levels were higher in the most premature infants and decreased with increasing gestational age \[[@cit0024]\]. Kamianowska *et al.* found in healthy full-term newborns positive correlation of uKIM-1 and inverse correlation of sKIM-1 with gestational age \[[@cit0033]\]. Zwiers *et al.* revealed in children aged one day to one year no relation of uKIM-1 with age \[[@cit0034]\]. Studies performed in older children presented increase of uKIM-1 levels with age \[[@cit0035], [@cit0036]\]. Pennemans *et al.* also demonstrated in a healthy population higher uKIM-1 levels in males than in females \[[@cit0037]\]. Reference intervals for sKIM-1 are lacking for healthy individuals. McWiliams *et al.* reported also diurnal variation of uKIM-1 levels, with higher values in the morning than in the evening \[[@cit0030]\]. In contrast, we found negative correlation of uKIM-1 with age. In our study serum and urine samples were collected at various times of day. It could affect results of serum and urine KIM-1. We analysed only absolute values of uKIM-1. Normalisation of the tubular marker to uCr is controversial \[[@cit0012]\]. uKIM-1 is released from injured tubular cells, whereas uCr is dependent on the glomerular filtration rate. A study by Schley *et al.* demonstrated that normalisation of urine biomarkers is required in patients with the need for high fluid resuscitation, e.g. sepsis, to account for variations of urinary flow rate \[[@cit0038]\]. Urine Cr excretion demonstrates age-related changes and may vary for different reasons; therefore, urine Cr would not be useful as a normalisation tool \[[@cit0035], [@cit0036]\].

There are some limitations of this study. It was a single-centre study with a small number of patients in each group. The small sample size could affect to the results of our study, and the statistical results could be improved after recruiting more patients. Serum and urine samples for KIM-1 were collected at varying times of day. This could also affect the results.

Conclusions {#sec5}
===========

This study was performed to evaluate the potential value of serum and urine KIM-1 for the prediction of febrile and non-febrile UTI. The results of this prospective study show that high levels of sKIM-1 can be useful for predicting febrile UTI. The role of uKIM-1 for detecting febrile UTI is not clear because of the negative association of uKIM-1 with febrile UTI. Therefore, we do not recommend the use of uKIM-1 as a marker of febrile UTI. Serum and urine KIM-1 were not useful for predicting non-febrile UTI.
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